Abstract: Q fever is a worldwide zoonosis caused by the intracellular bacterium Coxiella burnetti. Autoimmune phenomena associated with the disease may obscure the clinical picture, and in many reports mislead physicians to an initial diagnosis of an autoimmune disease. We present a case of chronic Q-fever, complicated by myocarditis/pericarditis, where patient's initial signs, symptoms and laboratory findings (i.e., protracted fever, oligoarthritis, erythema nodosum, positive antineutrophil cytoplasmic antibodies, monoclonal gammopathy) seemed to suggest an autoimmune disease. We also review the literature for autoimmune phenomena associated with Q-fever.
Introduction
Q fever is a worldwide zoonosis caused by the intracellular bacterium Coxiella burnetti [1] . Autoimmune phenomena associated with the disease can obscure the clinical picture, and in many reports, have misled physicians to an initial diagnosis of autoimmune disease. We present a case where patient's initial signs, symptoms and laboratory findings seemed to suggest an autoimmune disease. However, a thorough workup led to the diagnosis of Q fever.
Case report
The patient, a previously healthy 51-year-old Caucasian, was admitted to our hospital because of fever, arthritis and erythema nodosum. His illness started two weeks prior to admission with fever (up to 40°C), sore throat, chills, myalgias, nausea, vomiting and stomach ache. He was treated with various antibiotics (doxycycline, ceftriaxone), but experienced no improvement. Five days before admission he had developed painful erythematous nodules on the anterior surfaces of both legs, accompanied by oligoarthritis and malaise; testing for cytoplasmic-antineutrophil cytoplasmic antibodies (c-ANCA) was positive. The patient was referred to the rheumatology unit of our department. He was a retired policeman, and the last five years had been living on a farm with cattle and sheep in southern Greece. His past medical history was unremarkable.
On physical examination, the patient appeared to have mild discomfort, but was not in acute distress. His temperature was 38.7°C; pulse rate, 80 per minute; blood pressure, 130/60 mmHg; and respiratory frequency, 25 per minute. Physical examination of the chest was unremarkable. Cardiac auscultation revealed diminished heart sounds, but no murmurs, rubs or gallops. Examination of the abdomen revealed mild diffuse tenderness and a palpable spleen tip. No peripheral lymphadenopathy was detected. He had signs of acute arthritis affecting both ankles, such as warmth, redness, edema and tenderness, with severe joint pain markedly worsened by movement or palpation. Of note, typical erythema nodosum appeared on both legs, especially on the left (Figure 1 ).
Initial laboratory results are shown on Table 1 . An extensive workup, including serology for an underlying infective process, was performed. Three sets of blood cultures, as well as cultures of urine, sputum and throat specimens were all negative. A chest radiograph showed small pleural effusions. Serum testing for autoimmune diseases revealed elevated titers of c-ANCA, with specificity against proteinase-3. Serum electrophoresis revealed IgG immunoglobulin at 2010 mg/dl (range 690-1400 mg/dl), and immunofixation detected monoclonal IgG/k immunoglobulin in his blood.
On day four, a computed tomography (CT) scan of the thorax disclosed bilateral pleuritis with small pericardial effusion. A trans-esophageal echocardiogram confirmed the presence of pericardial fluid and ruled out the presence of vegetations.
On day five, Coxiella burnetii serological results were received, and were positive for IgG antibodies to phase I antigens, at a titer of 1/1024 (positive titer > 1/800), consistent with the diagnosis of chronic Q fever. A carefully elicited history revealed close contact with parturient and newborn animals on his farm. He was started on oral doxycycline (100 mg twice per day) plus hydroxychloroquine (200 mg three times per day). One day later, his clinical condition deteriorated rapidly with the development of dyspnea, orthopnea, tachycardia, cyanosis, and acute hypoxemia (PO 2 58; SO 2 92%). Physical examination revealed increased jugular venous pressure, hypotension (80/60 mmHg), S3 gallop, and a new onset murmur of functional tricuspid insufficiency. A new echocardiogram detected increased left ventricular diastolic dimensions, with hypokinesis, functional tricuspid regurgitation, coexistent pericardial involvement, but no vegetations. The ejection fraction was 55%. A probable diagnosis of myocarditis was made and the patient was treated conservatively, after which he improved rapidly.
After the episode of myocarditis/pericarditis, his clinical course was uneventful, with fever, arthritis and skin lesions resolving within 10 days after initiation of treatment. Twelve months later, he remained under treatment and in good health. Markers of autoimmunity have returned to normal, as shown in Table 1 .
Discussion
Q fever is a worldwide zoonosis caused by an intracellular bacterium, Coxiella burnetti. Commonly identified sources of human infection are cattle, goats and sheep [1, 2] . Persons working on animal farms are at greater risk, and usually get infected by inhaling contaminated aerosols or by consumption of raw milk [1] . Q fever is most prevalent in men between 30 and 70 years [3] .
Acute primary infection is asymptomatic in 60% of cases [4] . When symptoms develop, the most common clinical presentation is a flu-like, self-limited febrile syndrome [1] , sometimes associated with pneumonitis and hepatitis [2, 5] . Chronic disease can occur a month or years after the primary infection [1] , and in 60%-70% of cases, is manifested as culture-negative endocarditis [6] , especially in persons with pre-existing valvular disease [4, 7] . Systematic echocardiography is recommended in all patients with Q fever to exclude endocarditis [4] . Other forms of chronic infection are protracted fever, chronic fatigue syndrome, osteoarticular infection, infection of vascular grafts and granulomatous hepatitis [6] .
Pericarditis and myocarditis, which were prominent in our patient, account for < 1% of cases in the largest published series [4, 6] . Myocarditis can develop in both acute and chronic Q fever, and is associated with a high mortality. In a series of 8 patients with Q fever-associated myocarditis, there were 2 fatalities [8] .
Diagnosis of Q fever is confirmed by serologic testing for antibodies to phase I and phase II antigens. A titer of IgG antibodies against phase I antigens higher than 1:800 is diagnostic for chronic Q fever [1, 2, 6] .
In our patient, clinical and laboratory findings of an autoimmune disease (i.e., protracted fever not responding to antibiotics, oligoarthritis, erythema nodosum, positive ANCAs, monoclonal gammopathy) were prominent 
Autoantibodies Reference
Cytoplasmic antineutrophil cytoplasmic antibodies (c-ANCA) [15, present report] Perinuclear antineutrophil cytoplasmic antibodies (p-ANCA) [16] Antiglomelural basement membrane (IgG anti-GBM) [16] IgG anti-β2 glycoprotein I antibodies (anti-β2GPI Abs) [16] Anticardiolipin antibodies (aCL) [9, 16, 18] Lupus anticoagulant (LA) [9, 16, 18] Anti-smooth muscle antibodies (SMA) [5, 16, 17] IgG kappa monoclonal gammopathy [9, present report] Coombs' test positive [9] Cold agglutinins [5, 17] Type II cryglobulinemia [9] Polyclonal cryoglobulins IgG and IgA with IgMκ [11] Rheumatoid factor (RF) [5] Anti-mitochondrial antibodies (AMA) [5] Antinuclear antibodies (ANA) [5] 
Crohn's disease [9] Goodpasture's syndrome [9] Adult-onset Still's disease [9] Polymyalgia rheumatica [9] Giant-cell arteritis [9, 12] Polyarteritis nodosa [9] Kawasaki's syndrome [10] Essential cryoglobulinemia [9] Mixed cryoglobulinemia [11] on presentation. Autoimmune phenomena associated with Q-fever may obscure the clinical picture, and in many reports, mislead physicians to an initial diagnosis of an autoimmune disease [9] [10] [11] [12] (Table 2 ). In a report from a French hospital, among 68 consecutive patients with Q fever, 7 cases presented with atypical symptoms suggesting vasculitis or another autoimmune disorder [9] . Erythema nodosum is a cutaneous reactive process associated with a variety of conditions, including infections and autoimmune diseases, although it is a rare complication of Q fever in the context of the infectioninduced autoimmunity [6, 13] . A constellation of circulating autoantibodies has been detected in patients with Q fever (Table 3 ). The extreme activation of the immune system due to the C. burnetti infection is the probable cause of production of these autoantibodies; Coyle et al. have suggested that circulating immune complexes might be involved in the pathogenesis of Q-fever endocarditis [14] .
Chronic Q fever, especially when associated with endocarditis, requires a lengthy treatment. Doxycycline is the treatment of choice; however, it is not adequately effective as monotherapy because it is bacteriostatic [2] . Chloroquine raises the pH in the phagolysosome, increasing the efficacy of doxycycline [6] . Therefore, the recommended regimen is doxycycline 100 mg twice daily plus hydroxychloroquine 200 mg three times per day. Early studies suggested life-long duration of treatment; however 18-36 months could be sufficient [2] . The infection is considered cured when IgG antibodies to phase I antigens fall below 1:200, although titers < 1:800 have also been recommended as indicative of cure [1, 2] .
In conclusion, autoimmune phenomena may predominate in the clinical picture of Q fever, misleading the physician to make an initial diagnosis of an autoimmune rheumatic disease, thus resulting in diagnostic delays lasting from months to years [1] . These delays might be catastrophic, considering the mortality rates of the disease (1% for the acute and 5%-60% for the chronic form) [4] . One of the many faces of Q fever is that of an autoimmune disease. Therefore, in endemic areas, a carefully elicited history of exposure to C. burnetti is critical in any patient presenting with the clinical picture suggesting an autoimmune disease.
